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Abstract  The Noshiro coastal dune in Akita Prefecture, northeastern Japan, is classified 
as a superpositioning coastal dune and consists of five basic units composed of three 
aeolian sand units bounded by layers of humic soil. Topographical map survey on study 
area situated south of the Yoneshiro River revealed differences in topographical characteristics 
between the northern part of the dune and the southern part. In addition, field survey 
revealed differences in the number of humic soil layers in both the northern and southern 
parts of the dune. These differences cannot be entirely explained by the commonly accepted 
interpretation that crustal movement caused a dipping to the northeast in the vicinity of the 
research area. Another possible interpretation for the differences is explored here; that a shortage in 
the sedimentary supply from the beach to the southern coastal dune, which decreases southward 
from the Yoneshiro river mouth, promoted the formation of barchans. These are recognizable in 
topographic maps of the study area, and their accumulation has given the southern coastal dune a 
complex structure. 
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1. Introduction 
The Japanese islands are home to extensive and developed coastal dunes, which were formed during 
the Late Pleistocene and the Holocene ages and provide a detailed understanding of the regional 
environment changes in this short time period. 
Fuji (1975) classified the coastal dunes of the Hokuriku District, central Japan, based on features such 
as their geometry and accumulative formation. Comprehensive and recent research by Naruse (1989), 
distinguishes the coastal dunes of Japan based on factors such as their formation, distribution, and the 
formation processes of the humic soil layer. In recent years, research in the formation processes of coastal 
dunes has involved the use of ground-penetrating radar or flume experiments (e.g., Tamura et al. 2010; 
Katsuki et al. 2011). These studies relate to the structure and formation processes of the coastal dune in 
relation to their orthogonal direction to the coastline, and the related discussions focus solely on their 
relationship to sea-level changes. The stratigraphical division and formation processes of the Noshiro 
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coastal dune have mainly been researched by Shiraishi (1990; 1993). However, the following research has 
not previously been carried out. 
 
 
     
 
Fig. 1  (a): Index map. (b): Geological map of the study area in Akita Prefecture (based on Shiraishi 1990). 
 
Based on the characteristic shape of the dune, which is elongated in a north-south direction, this study 
focuses on the formation process of the dune in the longshore direction. We discuss the processes involved 
in the formation of the dune, based on topographic maps and on the internal structure discussed in our field 
survey. We also believe the classification of superpositioning to be significant, as this structure of dune is 






2. Study Area 
General description of the Oga Peninsula 
The Hachiro-gata brackish-water reclaimed land, with two-thirds of its bottom presently reclaimed, is 
situated east of the Oga Peninsula. This reclaimed land was once the second largest lake in Japan, the 
largest being Lake Biwa (e.g., Shiraishi 1990). The two barrier island-coastal dune systems connect Oga 
Island and the Honshu main land, forming the Oga Peninsula (e.g., Furuta 2005). These two dunes, whose 
formation will be discussed later, are the Noshiro coastal dune, which extends northward, and the Tenno 
coastal dune, which extends southward from the Oga Peninsula. 
The area to the west of the center of Hachiro-gata reclaimed land is characterized by folds 
and faults elongating in a N-S direction; the Noshiro thrust-system at the northern part and the 
Kitayuri thrust-system at the southern part. Marine terraces, which developed during the 
middle-late Pleistocene to the Holocene, are widely distributed in this area and span from 
Noshiro city to the Oga Peninsula. 
The area around the Hachiro-gata reclaimed land consists of sedimentary rocks 
formed since the continental rifting phase of the Japan Sea (ca. 32 to 25 Ma; Sato 1994) 
(Fig.1). 
General description of the Noshiro coastal dune 
The Noshiro coastal dune extends from the Oga Peninsula in a direction NNE to the boundary of the 
northern Hachiro-gata reclaimed land separating from the Japan Sea. It is about 30 km in length and 
reaches a height of almost 40–50 m at its peak (the highest peak is 65.2 m, Shiraishi 1990). It is composed 
mainly of detritus originating from the Neogene to the Quaternary strata of the Ou Mountains and delivered 
by the Yoneshiro River; which has a drainage basin of approximately 4,100 km2 (Furuta 2005). 
The Noshiro coastal dune is classified as a “superpositioning coastal dune” (Fuji 1975) which is 
shown in Fig. 2(a). The evolution of superpositioning coastal dunes involved: (1) the older dunes 
(paleodunes) developing on beach ridges and (2) the younger dunes developing on the older dunes. 
The most common type of dune, which forms a number of dune lines along the coast of the Japanese 
islands, is the “juxtapositioning coastal dune” which is shown in Fig. 2(b). These dunes were formed 
because of the oscillation of Holocene sea levels, which caused a subsequent horizontal translocation. The 
Tenno coastal dune is an example of this type of dune. 
 
   
Fig. 2  Classification of coastal dunes. (a): Superpositioning coastal dune, and (b): juxtapositioning coastal 
dune (Fuji 1975). 
 
The superpositioning coastal dune, on the other hand, develops in a location where the beach ridge is 
contiguous with the coastline, so that the translocated distance of the coastal dune is not as wide as in the 




undergo a considerable translocation. Shiraishi (1993) inferred that the Noshiro superpositioning coastal 
dune was formed as a result of an offset of crustal subsidence and a gradual sea-level fall during the 
Holocene. 
The distribution of the marine terrace in the Oga Peninsula indicates the presence of crustal movement 
in the Noshiro region. The surface height of the Katanishi marine terrace on the Oga Peninsula is 60 m in 
the southwest part, and 10 m in the northeast part. This implies that the ground level of the Oga Peninsula 
has a northeastward crustal tilting (Shiraishi 1990). The northeastern part of this marine terrace is located in 
the west of Hachiro-gata reclaimed land in an area of drained plain field, which indicates therefore that the 
marine terrace is located underground. 
The Noshiro coastal dune consists of five basic units: two layers of humic soil intercalated by aeolian 
sand layers. In general, humic soils are thought to have been formed by the vegetation cover on a stable 
surface in a calm climate where, for example, there are no strong winds (Naruse 1989; Shiraishi 1993). 
According to Shiraishi (1990; 1993), the units composing the Noshiro coastal dune are labeled, in 
ascending order, “older dunes (Do),” “older humic soils (Ho),” “younger dunes I (Dy-I),” “younger humic 
soils (Hy),” and “younger dunes II (Dy-II).” The intercalation of Towada-a tephra (To-a) and 
Baegdusan-Tomakomai tephra (B-Tm) from Dy-I and the ages (14C) of remains analyzed from 
humic soil in the Tenno coastal dune indicate that the Noshiro coastal dune was formed over a 
period of 6 to 1 ka (Shiraishi 1990; 1993). 
The direction and velocity of wind 
As indicated in Fig. 3, the predominant direction of the monsoon in the Noshiro region is from the 
northwest to the west. The annual average wind velocity (AWV) is 6.5 m/s (30 m above ground level: 
AGL). According to the grain size scale established by Fritz and Moore (1988), this value corresponds 
with a boundary of the floating and deposition of medium sand (500–250 µm). 
 
Fig. 3  Frequency of appearance and average wind velocity (wv in m/s) of each wind direction at 
30 m AGL measured from January to December, 2000 in Noshiro region (NEDO 2006). 
The current of the sea and the mouth of river 
The flow of the current in the Japan Sea has a northward tendency, due to the effect of the 
warm current from the Tsushima Strait. However, the Japan Coast Guard (Hydrographic and 
Oceanographic Department of the 2nd regional Japan Coast Guard Headquarters 2012) conducted 
research using data from the ADCP (Acoustic Doppler Current Profiler) over a period from 2001 
to 2008. Their findings suggest that, in a water layer of a depth of less than 10 m on the coast of the 
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Noshiro region, the current changes from a northward to southward direction with a clockwise 
rotation, due to the prevention of the Tsushima current that flows northward by the Oga Peninsula 
(Fig. 4). The direction of the wind and the regional current indicate a southward dominant 
direction of supplied sand which composes the coastal dune on this coastal area. This tendency 
could also show an agreement with the period of the Noshiro coastal dune formation (6 to 1 ka) in the 
Holocene. 
  
Fig. 4  A frequency statistics distribution map of the stream regime around off-Noshiro district. The 
numbers of observed points are shown in central of each graph. Modified from Hydrographic and 




The topographic maps used in the study were of a scale size of 1/25,000; “Noshiro,” “Moritake,” 
“Ugohamada,” and “Ogata” (all maps of Geographical Survey Institute of Japan are measured on 
1971). Hamada (location is shown in Fig. 5b) represents the boundary between the morphological 
characteristics of the northern and southern parts. We researched the internal structure at 3 sites in the 
northern part: “Asanai-Hokubu” (north of the district of Asanai), “Asanai-Nanbu” (south of the district of 
Asanai), and “Kurooka-Nanbu” (south of the district of Kurooka), and at 2 sites in the southern part: 
“Ashizaki” and “Gomyokou” (Locs. 1 to 5, respectively, in Fig. 5). 
The study area of the Noshiro coastal dune from the Yoneshiro river mouth to the northwest of 
Hachiro-gata reclaimed land, was restricted due to a lack of adequate outcrop (Miyazawa beach as 
illustrated in Fig. 5b). 
To compare layers within the coastal dune, we focused particularly on grain size, sorting, depositional 
structure, color, and the wet-dry condition of layers in observation. 
4. Results 
Panoramic shape of the coastal dune by the topographic maps  
Focusing on a range of the Noshiro coastal dune in an E-W direction, the southern part (approximately 
500 to 1,000 m) is shown to be narrower than the northern part (approximately 750 to 1,500 m) and is 
slightly higher. As the northern verge contacts the margin of Noshiro city, it is possible that it has been 
influenced by artificial change. 
Field survey  
As a result of our field survey, we observed the characteristics of two layers of humic soil, “Ho” 
(Locs. 1 to 3) and “Hy” (Locs. 4 and 5). “Ho” is a layer with clear upper and lower boundaries. It is 
generally 70 cm thick and is highly humified. On the other hand, “Hy” has indistinct upper and lower 
boundaries. It is generally 20–30 cm thick and is less humified than “Ho.” 
On the basis of the above characteristics it is possible to identify the differences in the aeolian sand 
layers between the northern and southern parts of the dune. 
Loc. 1: Asanai-Hokubu (Northern Asanai) 
Latitude, longitude, and height are 40°09′09″ N, 140°00′03″ E, and 20–10 m, respectively. 
“Hy” dips westward and divides the upper Dy-II from the lower Dy-I. 
Loc. 2: Asanai-Nanbu (Southern Asanai) 
Latitude, longitude, and height are 40°09′00″ N, 139°59′59″ E, and 30–20 m, respectively. 
“Hy” divides the upper Dy-II from the lower Dy-I. 
Loc. 3: Kurooka-Nanbu (Southern Kurooka) 
Latitude, longitude, and height are 40°07′45″ N, 139°59′12″ E, and 40–10 m, respectively. 
“Hy” divides the upper Dy-II from the lower Dy-I. 
Loc. 4: Ashizaki 
Latitude, longitude, and height are 40°04′44″ N, 139°57′16″ E, and 40–10 m, respectively. 
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The southern part of the Noshiro coastal dune consists of five units: Do, Ho, Dy-I, Hy, and Dy-II 
in the ascending order. Dy-I is divided into two sub-units by another younger humic soil layer 
(Hy’; Fig. 6). 
Loc. 5: Gomyokou 
Latitude, longitude, and height are 40°03′47″ N, 139°56′56″ E, and 50–10 m, respectively. 
As in the case of Ashizaki, the units are as follows: Do, Ho, Dy-I, Hy, and Dy-II in ascending 
order. Dy-I is divided into two sub-units by another younger humic soil layer (Hy’; Fig. 6). 
The points for discussion focus on that the thickness of Dy-I, although observed at all sites, is thicker in 
the northern part than in the southern part of the Noshiro coastal dune and that there are more layers in the 
southern part of the Noshiro coastal dune than in the northern part and changes exist in the thickness of 
each layer within an outcrop. 
 
 
Fig. 5  The map of study area. The northern part is shown in (a) and the southern part is shown in (b) based 
on 1/25,000 scale map of Geographical Survey Institute of Japan, “Noshiro,” “Moritake,” 









Fig. 6  (a): Photograph of landscape at Loc. 4 (May 2, 2011), and (b): description at Loc. 4. 
5. Discussions 
Both the morphological characteristics and the number of units composing the layers of the dune, 
illustrate that northern and southern parts of the Noshiro coastal dune are bound together around Hamada 
of which location is shown in Fig. 5b. Three layers from the northern part, (Dy-I, Hy and Dy-II), 
coincide with the upper three layers in the southern part. The structural difference has been explained by a 
crustal tilting to the northeast (Shiraishi 1990). 
However, the upper boundary of Dy-I in the northern part is generally higher than that in the southern 
part. It is therefore evident that another factor was involved in the differences of forming between the 
northern and southern areas.  
If we refocus on the topographical characteristics, it would appear that the sedimentary supply from the 
beach differs between the two areas. The Yoneshiro River, the mouth of which is located at the northern 
end of the study area, supplies most of the detrital grains to the Noshiro coastal dune. The estimated 
direction in which detritus is transported along the coast also suggests the possibility that deposits have been 
transported southward. The results of a grain size analysis of the Noshiro coastal dune and coast also reveal 
the tendency of southward sand grains transport from the river mouth of the Yoneshiro River, which were 
major components of the Noshiro coastal dune (Utsugawa 2012MS). Thus, it is easy to presume that a 
decrease in the supply of beach deposits of which the coastal dune is composed, with a southward, 






According to the internal structure observed at both southern sites (Locs. 4 and 5), the presence of 
another younger humic soil layer (Hy’; Fig. 6) is detected above the known younger humic soil layer (Hy; 
as referred to above with other three units, Fig. 6). Thickness of the sand layer (Dy-I), thinning and partial 
amalgamation of upper and lower humic soil layers were observed, specifically at the Ashizaki site (Loc. 
4). 
On the basis of the change in thickness and internal structure of Dy-I, we infer that swarm of small 
dune bodies existed during the Dy-I forming period in the southern part. It is known that barchans are 
formed in areas where sand supply is limited and where winds are almost unidirectional (e.g., Taniguchi et 
al. 2011). As previously mentioned, sand supply in the study area decreases from the northern to the 
southern part and, for this reason, it is possible to estimate that complex barchans were formed as 
illustrated in Fig. 7 at the southern part of the Noshiro coastal dune. Barchans have been reported in the 
coastal dunes of the shorelines of Japan at the Teshio coastal dune (Segawa et al. 1984), and the Enshunada 
coastal dune (Matsukura 1977). From topographic maps of the study area, barchans-like landforms 
elongating their horn eastward are identified (Fig. 5). Barchans advance in the predominant direction of the 
monsoon (i.e., the direction which sand transports), so we also infer that not only crustal tilting, but also 
barchans, caused the partially high topography in the southern part. 
 
   
 
Fig. 7  (a): The phase diagram of the shapes of sand dunes, reflecting variations in wind complexity (RDP/DP),    
and (b): schematic diagrams showing typical dune shapes and corresponding wind directions (Taniguchi et 
al. 2011). 
6. Conclusions 
A survey using topographic maps and field studies indicated differences between the 
topographical characteristics and formation processes of the northern and southern parts of the 
Noshiro coastal dune.  
(1) Focusing on a range of the Noshiro coastal dune in an E-W direction, the southern part 
(approximately 500 to 1,000 m) is shown to be narrower than the northern part (approximately 750 to 
1,500 m). (2) The height of the southern parts of the Noshiro coastal dune tends to be higher than 




and Dy-I), on the other hand, we observed 5 to 7 units (Dy-II, Hy, Dy-I, Ho and Do) at southern 
sites (Locs. 4 and 5) ; thickness of the Dy-I, thinning and partial amalgamation of upper and lower humic 
soil layers were observed, specifically at the Ashizaki site (Loc. 4). 
In addition to differences being attributed to previous crustal movements causing a northeastward dip, it 
is evident that there is another factor to consider in explaining the difference between the topographic 
characteristics. We deduce that a decreasing supply of the beach deposits that supplied sand grains to the 
coastal dune, caused a change in the formation processes affecting the northern and southern parts of the 
Noshiro coastal dune. It is possible, therefore, that swarm of barchans formed a complex internal structure 
in the southern part of the dune. We believe it would be worth evaluating the sedimentary supply and its 
affect on the formation process of other coastal dunes situated in a longshore direction. 
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